Persistence of enteroviruses in heart tissue has been implicated in the etiology of idiopathic dilated cardiomyopathy (IDC). Therefore, we determined the prevalence of enterovirus RNA in heart tissue from patients with end-stage IDC. During heart transplantation, 287 transmural biopsy specimens were aseptically collected from the explanted hearts of 38 patients with IDC and of 39 patients with cardiac failure of known cause. A nested polymerase chain reaction with general specificity for enteroviruses was used to screen for the presence of enterovirus RNA in the heart tissue samples. No enterovirus RNA was detected in any of the 287 heart biopsy specimens. These findings lead to a conclusion that enteroviruses do not persist in heart tissue from patients with end-stage IDC, nor with other heart diseases of known cause.
Ischemic heart disease is the most common cause of cardiac myocarditis, meningoencephalitis, pancreatitis, hepatitis, and poliomyelitis [2] . failure, and the next most common is dilated cardiomyopathy, with an estimated annual incidence of 5/100,000. Dilated carRetrospective serologic data indeed support an involvement of enteroviruses in both myocarditis and in dilated cardiomyopdiomyopathy is characterized by dilation of one or both ventriathy [3] . However, isolation of (entero)viruses from patients cles and impaired systolic function. Microbial infection, alcowith myocarditis is rare, particularly in a later stage of the holism, autoimmunity, genetic predisposition, toxins, drugs, disease. Numerous research groups have applied molecular and nutritional deficiencies have been implicated in the pathotechniques to detect enterovirus genomic RNA in heart tissue in genesis of dilated cardiomyopathy [1] . In the majority of paorder to provide more definitive proof for the role of (persistent) tients, however, the cause of the disease remains unidentified, enterovirus infection in the pathogenesis of IDC. Unfortuand the condition is referred to as idiopathic dilated cardiomynately, the results from these studies were often variable and opathy (IDC). The disease affects relatively young people (avconflicting [4 -12] . The discrepancies in the experimental data erage age, 45 years), and in the end stage of the disease, the between research groups have been attributed either to a lack only effective therapy is heart transplantation. An attempt to of specificity or sensitivity of the experimental designs or to elucidate the etiology of IDC is therefore warranted.
actual differences in the various populations that were studied. It is believed that myocarditis precedes dilated cardiomyopa-
The degree of specificity is largely determined by the choice thy. The most important cause of myocarditis is a viral infecof primer and probe sequences. Sequences selected from the tion, in the majority of cases caused by an enterovirus and in highly conserved 5-noncoding region of the enterovirus geparticular a Coxsackie B virus. The genus Enterovirus belongs nome proved to have general specificity and are currently to the family of picornaviruses: small, nonenveloped, cytolytic widely used for the detection of enteroviruses. viruses that contain a 7.5-kb single-stranded RNA genome with
We have scrutinized hearts from IDC patients for the prespositive polarity. Enteroviruses are common human pathogens ence of enterovirus RNA. We used a sensitive nested polymerthat usually cause asymptomatic or mild infections. However, ase chain reaction (PCR) assay with general specificity for enterovirus infections may also cause severe disease, including enteroviruses [13] and tested multiple transmural heart biopsy samples obtained immediately after cardiac explantation. Viral cultures were performed on throat swabs, fecal swabs, and heart tissue samples from each patient to rule out the possibility chambers, left ventricular ejection fraction õ20%, and a normal 11-ddUTP; Boehringer Mannheim, Mannheim, Germany). The sequence of the oligonucleotide probe (5-TGTGTCGTAACGor decreased wall thickness. These patients had no signs of obstructive coronary artery disease, alcohol abuse, congenital heart dis-GGCAACTCTGCAGCGGA-3) was complementary to an internal portion of the amplified product. Hybridization and detection ease, primary valvular heart disease, systemic disease, or insulindependent diabetes mellitus. All heart tissue samples from the 77 patients were negative RNA isolation, reverse transcription (RT), and PCR. To prefor enterovirus RNA. Incidentally, an enterovirus-specific PCR vent cross-contamination, the set of heart biopsy specimens from product was obtained. However, such amplicons were never each patient was processed individually, 1 set per day. Three rat produced in both duplicate reactions of a sample or upon reheart specimens were processed in parallel with each patient set peating the PCR with the same cDNA source. These inconsisas a negative control for the enterovirus-specific PCR. From each tent findings were attributed to contamination, which is stressed heart tissue section, 20 mg was homogenized with a disposable by the fact that sometimes a positive result was obtained from tissue grinder. RNA isolation, RT, and subsequent nested PCR amplification (40 cycles in each assay) were performed as denegative rat heart samples. IDC. We examined multiple transmural myocardial specimens In addition, a b-actin PCR [15] was applied to each RNA sample from explanted hearts of 38 patients with IDC and 39 patients to evaluate the quality and the amplifiability of the extracted RNA.
with cardiac failure of known etiology. No enterovirus RNA
The amplification reactions were assessed by electrophoresis was detected in any of these samples. on 1.5% agarose gels stained with ethidium bromide. Southern
Our findings are in contrast with experimental data reported blot analysis was subsequently performed with a nonradioactive probe that was 3-end-labeled with digoxigenin-11-ddUTP (DIGby Kandolf [5] and Bowles et al. [6] , who used in situ nucleic / 9d4a$$jy27 05-28-98 08:11:50 jinfas UC: J Infect acid hybridization and a slot blot hybridization assay, respectively, patients with cardiac failure of other causes. Similarly, Griffin et al.
[11] studied autopsy specimens from 28 patients with to detect enterovirus RNA in explanted heart tissue. They both found a positivity rate of 30% in patients with IDC and 15% in dilated cardiomyopathy and did not find enterovirus RNA sequences in any of these myocardial samples. Giacca et al. [12] patients with other cardiac disorders. In numerous subsequent studies on explanted hearts, PCR was used. Weiss et al. [7] dedid find a low prevalence of enterovirus RNA in endomyocardial tissue from patients with IDC and patients with other cartected enterovirus RNA in cardiac tissue of 45% of patients with IDC, as well as in myocardium of 38% of patients with other diac disorders. However, they questioned their positive results, because sequence analysis of the amplified fragments revealed cardiac conditions. Andreoletti et al. [8] obtained similar results; enterovirus-specific amplicons were produced in heart tissue samidentical sequences. They stated that random carryover could explain their positive findings. ples from 11 of 19 patients with dilated cardiomyopathy and from 8 of 14 patients with chronic coronary cardiomyopathy. A low Some of the positive findings reported in the literature could have resulted from acute infections that may have a confounding prevalence of enterovirus-specific sequences in myocardium from patients with end-stage dilated cardiomyopathy (4%) and other effect on the outcome of the PCR assay. In this study, virus isolation was performed on throat swabs, fecal swabs, and single cardiac diseases (8%) was reported by Muir et al. [9] . The experimental data from these research groups suggest that, although left and right ventricle specimens from each patient. All 77 patients were negative for enterovirus, which makes it unlikely that enterovirus RNA sequences may be found in the myocardium of some patients with end-stage heart disease, its presence is not acute enterovirus infections in patients with end-stage heart failure can explain positive PCR results as found in other studies. specifically associated with IDC.
Our experimental data, however, cast great doubt on the The variability in detecting enterovirus RNA sequences in explanted heart tissue of patients with end-stage heart disease persistence of enterovirus RNA in heart tissue of patients with heart failure. Our results are in agreement with the findings of may be due to actual differences in the populations that have been studied. It is possible that the duration of illness from Grasso et al.
[10], who did not detect enterovirus RNA in biopsy samples from explanted hearts of patients with IDC or onset to heart transplantation affects the study. It might be that / 9d4a$$jy27 05-28-98 08:11:50 jinfas UC: J Infect enterovirus RNA can be found only in patients who rapidly terization of the explanted heart tissue of our IDC patients is currently under investigation. progressed toward an end stage of disease. Unfortunately, the actual onset of the heart disease is often unknown, which makes
